SrTiO 3 submicro-wires were prepared by the reaction of layered titanate nanowires with Sr(OH) 2 powder in an autoclave. The wires were investigated using X-ray diffraction (XRD), scanning electron microscope (SEM), transmission electron microscope (TEM), Ultra-violet visible (UV-vis), photoluminescence (PL) and Raman spectroscopy. The XRD measurement shows that the prepared SrTiO 3 submicro-wires hardly have impurity phases. The SEM and TEM images demonstrate that the scalable wires, which need to be processed at the reaction temperature of 180 ℃ for about 48 hours, are not composed of single crystals. The PL shows that the wire-like SrTiO 3 has emission peaks at the wavelengths of 568 and 585 nm. Further, the Raman spectroscopy reveals structural changes in the products through different reaction time.
1 Introduction * Ferroelectronic oxides are an important kind of technical materials widely applied in the fields of nonlinear optics, thin-film capacitors, pyroelectric detectors, optical memories and electro-optic modulators [1] [2] [3] [4] . Strontium titanate (SrTiO 3 ) is one of the most well-known ferroelectrics among all perovskite-structural oxides. However, because its properties have a strong dependence on structure and finite sizes, much attention is paid to controllable preparation of crystalline sizes and thin films in order to improve device quality [5] . One-dimensional (1D) structure makes it possible to investigate the effects of crystalline size, which also should be considered in application of micro/nano-device, wherefore so far various 1D [6] [7] [8] [9] . However, few researchers managed to obtain SrTiO 3 submicro/nanowires except for Lee et al., who prepared these nanowires using TiO 2 nanoparticles and Sr(OH) 2 precursor in a hydrothermal process [10] . This paper proposes a new preparation method, in which layered titanate nanowires are used to synthesize SrTiO 3 submicro-wires in a Teflon-coated autoclave without any water or other organic solvents in it.
Experimental Procedure
Layered titanate salt nanowires (NTO-nws) were prepared using metatianic acid in strong alkaline with hydrothermal method similar to that reported in the Ref. [11] .
SrTiO 3 submicrowires were synthesized by the reaction of the NTO-nws with Sr(OH) 2 in a hydrothermal process. A typical preparation procedure was as follows: an amount of powder of NTO-nws was put into a beaker, and, at the same time, strontium acetate Sr(Ac) 2 was dissolved into distilled water in another beaker. After having mixed up the contents of these two beakers, a certain quantity of NaOH was added into the mixture. Finally, the white precipitates were centrifuged and washed with anhydrous ethanol twice, and then the obtained was put into two Teflon-lined autoclaves (12 mL) and loaded into an oven at 180 for different dur ℃ ations of 10 h (TS-01) and 48 h (TS-02), respectively. After the autoclaves were cooled naturally down to the room temperature, the white powder was filtered, washed with diluted acetic acid and distilled water for several times.
The reacted products were identified by various measurement techniques. X-ray diffraction (XRD) was performed on a Rigaku D/MAX-PC2200 diffractometer using CuKα radiation (λ = 0.154 056 nm). Scanning electron microscope (SEM), transmission electron microscope (TEM) and high-resolution transmission electron microscope (HRTEM) were carried out on JEOL-JSM 5800, JEM-2010 and JEOL JEM-2010F, respectively. Photoluminescence (PL) spectra were measured on a Shimadzu RF-5301 PC using a UV-vis spectrophotometer with Xe lamp as an excitation light source. Raman spectroscopy was measured on HR 800 with 633 nm radiation having an output power of 8 mW.
3 Results and Discussion Fig.1 shows the TEM image, XRD pattern and Raman spectrum of the prepared NTO-nws. The TEM image in Fig.1(a) demonstrates that the NTO-nws turn out nanowires rather than nanotubes. The electron diffraction (ED) pattern reveals that the NTO-nws belong to a kind of layer-structured material having relatively high crystallinity.
The XRD pattern in Fig.1(b) is similar to the one published in Bruce's Ref. [12] . In Fig.1(c) , Raman spectrum shows that, in close agreement with the results found in the Ref. [13] , there are four main broad bands of round 203, 283, 464 and 672 cm -1 .
Here comes a conclusion that these NTO-nws have a structure of lepidocrocite titanate (H x Ti 2-x/4 □ x/4 O 4 (x-0.7,□:vacancy)) [14] .
(a) X-ray diffraction (XRD) analysis was used to determine the phases between the NTO-nws and SrTiO 3 powder (Fig.2) . As an XRD pattern of the sample TS-01, the pattern (a) has seen many sharp peaks, but what the pattern is remains unknown. With the reaction time prolonged to 48 hours, as shown in Fig.2(b) , the patterns of SrTiO 3 phase crop up (JCPDS No. 73-0661). The absence of any peaks of other phases attests to the products to be a relatively pure strontium titanate compound.
In order to investigate the growing process of the wire-like SrTiO 3 material (TS-02) during the reaction between the NTO-nws and Sr(OH) 2 , the SEM images of the two samples were further measured as shown in Fig.3 . When the reaction time extends to 10 hours (TS-01), a great number of NTOnws has transferred into particles ( Fig.3(a) ). Under the same condition, only the Sr(OH) 2 is replaced by Sr (Ac) 2 but the morphology of the products remains almost unchanged, which means OH − anions responsible for the formation of the particles. For the TS-02, after reaction for 48 h, scalable SrTiO 3 wires with diameters ranging from tens to hundreds of nanometers can be produced. Such formation of the wires from particles may be Osward ripening process. As shown in Fig.4 , Raman spectroscopy was used to measure lattice vibrational spectra of the two samples prepared through different reaction time. The spectrum of the TS-01 in Fig.4(a) is completely different from that of the TS-02. In Fig.4(b [15, 16] . It reiterates the possession of much high crystallinity by the nanowires thus prepared. Transmission electron microscope (TEM) and high-resolution transmission electron microscope (HRTEM) images provide an insight into the structure of the SrTiO 3 wires (Fig.5) . Fig.5(a) exhibits the rough surface of the rods. The Fig.5(b) of HRTEM image of the individual rod shows its structure not composed of a single crystal keeping which is in line with the results from the electron diffraction (ED) measurement in Fig.5(c) where the diffraction points are irregular. In Fig.5(d) , the EDX result demonstrates that the sample only consists of Sr, Ti and O elements. In summary, SrTiO 3 powder can be synthesized in an autoclave using the NTO-nws precursor and Sr(OH) 2 at 180 ℃ for a reaction time of 48 h. The reaction time strongly affects the morphology of the SrTiO 3 powder. When the reaction takes about 48 h, wire-like products will be obtained. The PL of this wire-like SrTiO 3 displays existence of a lot of oxygen defects in the structure.
